Background: This study examined long-term improvement of quality of life amongst heroin users enrolled in methadone maintenance treatment (MMT). Methods: The sample contained 553 heroin-dependent individuals from 4 hospitals in northern Taiwan who enrolled in MMT for an average of 184 days. Each patient signed a consent form and was assessed prospectively 3 times semi-annually. Quality of life was measured using the WHOQOL-BREF questionnaire, 26 items of which were scored by the participants. The WHOQOL-BREF consists of four domains: physical, psychological, social, and environmental. 285 and 155 participants completed 6-month and 12-month follow-ups respectively.
Background
Illicit drug use is a complicated problem that not only impacts individuals' physical and psychological health but also derogates public security and society's productivity because of morbidity and mortality [1] . It is estimated that about 230 million people, or 5% of the world's adult population, used an illicit drug at least once in 2010 [2] . The report also estimates that heroin, cocaine, and other drugs kill around 0.2 million people each year, shattering families and bringing misery to thousands of other people.
Heroin users are at high risk of morbidity and mortality. They may struggle with dependence for many years, suffering poor interpersonal relationships and poor health [3, 4] , particularly due to overdosing [5] and human immunodeficiency virus (HIV) and hepatitis C virus (HCV) infections [6, 7] . A national study conducted in Taiwan on 22,224 male and 4,444 female drug offenders released from prisons without medical treatment shows that the standardized mortality ratio was seven to one, much higher than for the general population [8] .
Follow-up studies have found that this risk continues for many years after diagnosis of heroin dependence [9] , indicating that the dependence can be considered chronic. In fact, heroin addiction is currently defined as a chronic, relapsing disorder [10, 11] . Methadone, a complete opioid agonist, has been approved as a treatment for heroin addiction, especially with higher doses [12, 13] because it can help patients reduce their frequency of heroin use, alleviate withdrawal symptoms, and consequently improve overall health and social relationships [14] [15] [16] . Thus, heroin users taking methadone should be able to improve cognitive functions [17] and return to normal daily activities. This means that we would expect quality of life amongst heroin users to improve during treatment [18] . However, according to the National Epidemiologic Survey on Alcohol and Related Conditions, fewer than 40% of those diagnosed with drug dependence in the United States have ever received any kind of intervention or treatment. In Taiwan, a methadone maintenance treatment (MMT) program was initiated to prevent HIV, and the program had expanded to the entire island by the end of 2006. Currently, about 12,000 out of the 60,000 heroin users in Taiwan participate in an MMT program everyday [19] .
Although opioid treatment programs are effective in reducing the amount and frequency of heroin use and its consequences as describe above, prospective research on possible improvement in quality of life from the patient's perspective has been limited. Quality of life was defined by the WHO as "an individual's perception of their position in life, in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns". Quality of life has been an important indicator of efficacy in the treatment of various chronic diseases such as diabetes and hypertension, creating a transition from cure to care. In their report of a qualitative interview study, Laudet, Becker, and White [20] noted that the heroin users they studied had been suffering considerable negative consequences from their habit for a very long time. It is common for heroin users to prefer a return to a normal life, or just a better life, over the chaotic, abnormal life they had been undergoing. Although published studies in the addiction field on quality of life remain sparse, the few that have appeared consistently show that MMT can improve heroin users' quality of life within a short period of time [21] [22] [23] . For example, Maremmani, Oani, Pacini and Perugi [21] studied 213 patients (106 on buprenorphine and 107 on methadone) between the 3rd and 12th months of treatment for both medications and found significant improvements in opioid use, psychiatric status, and quality of life. On the other hand, the authors of a recent review of 38 articles concluded that the long-term effects of treatment on the quality of life of heroin using patients remain unclear [24] .
Further, MMT is not free to patients. A recent study on 2,728 MMT patients in China [25] indicated that perception of suitable MMT cost is a significant predictor of retention. Moreover, in another study [13] that used a signal detection analysis on 258 methadone outpatients to identify predisposing factors that predict treatment retention, the results showed that satisfaction of treatment is a significant predictor. Additionally, Taiwanese heroin users have to pay for the medical expenses, which can be directly related to their satisfaction, participation and retention in MMT. By comparing the changes of quality of life at baseline, 6-month and 12-month followup survey, we could evaluate the effectiveness of MMT on quality of life and the monetary costs for per unit change of quality of life gained. Even though MMT programs are relatively new in Asia except Hong Kong, we hypothesized that MMT patients can improve long-term subjective quality of life of Taiwanese heroin users 6 and 12 months after enrollment in this study. Furthermore, the ratio of costs over per unit increment of quality of life may provide a useful index to further evaluate patient's perception of suitable costs and treatment satisfaction and form a basis of policy decision making.
Methods

Study design
We used a 12-month prospective multisite study to examine the improvement of quality of life from the patient's perspective. The study protocol was reviewed and approved by the institutional review board (IRB) of Taipei Medical University (approval number: P960205) and by Taipei City Hospital (approval number: TCHIRB-970404-E). This was an open, nonrandomized, and observational study. Counseling and/or psychotherapy may be offered only on demand. The inclusion criteria in this study were age above 20 years, heroin dependence, and literacy. After signing a consent form, each patient was interviewed face-to-face by a trained research assistant at three times: baseline, 6 months into the study, and 12 months into the study. Each patient was reimbursed approximately 3 US dollars for each interview.
Quality of life
Based on definition of quality of life, we used the World Health Organization Quality of Life Assessment-Brief Version (WHOQOL-BREF), which was developed to measure overall quality of life and general health status [26, 27] . The WHOQOL-BREF measures four health domains: physical, psychological, social, and environmental. The WHOQOL-BREF (Taiwanese version) has shown excellent internal consistency (Cronbach's alpha = .97) and good test-retest reliability over 2 weeks for the four domains (.68 to .85) [27] . The four-domain structure was validated by exploratory and confirmatory factor analyses, with factor loadings > 0.40 for the retained items and CFI > 0.90 [27] .
The WHOQOL-BREF questionnaire uses a five-point Likert scale (1-5). Four types of scale descriptors (capacity, frequency, intensity, and evaluation) were selected for this study. Participants responded to questions according to their experience in the previous two weeks. Reverse items (items 3, 4 and 26) were scored reversely. Domain scores for the WHOQOL-BREF are calculated by taking the mean of all items included in each domain and multiplying by a factor of four. The original domain scores were transformed to a scale of 0-100 according to the equation in the published guidelines [26, 27] . A high score represents good quality of life. An increase in QoL scores after 6-or 12-month treatment would suggest the effectiveness of MMT. Furthermore, given that each service of MMT has a fixed unit price regulated by Taiwan Department of Health, the total medical costs of MMT were computed by summing up the unit prices of all the services utilized by a patient during his/her 12-month retention (see Table 1 ). Medical costs borne by patients for one QoL score increment can be estimated by dividing the costs by the changes of QoL scores.
Statistical analysis
Descriptive statistics were used to identify the characteristics of the entire sample and the two groups of patients who stayed in or dropped out of MMT during the 6-month study period. Chi-square and t-test analyses were performed on categorical and continuous variables respectively to determine if there were significant differences between the two groups. Quality of life scores, age, age at first heroin use, education, methadone dose, and duration in treatment in this study met the normality assumption. To better estimate the associations among the four domains of the quality of life between assessment waves, repeated measures analyses of variance (ANOVA) with a 0.05 significance level for longitudinal evaluations were performed to examine changes on the four domains simultaneously while controlling for age, education, gender, age at first heroin use, methadone dose and days stayed in MMT.
Results
A total of 599 patients who enrolled in an MMT program for an average of 184 days signed the consent form and 46 did not go through the baseline assessment. Of the 553 of those who completed baseline assessment, 285 and 155 remained in the study each for 6 and 12 months. Table 2 summarizes the background information and compares participants who retained in the study for the 6-month follow-up and those who dropped out in 6 months after baseline. No difference from chi-square and t-test analysis was found for gender, age, marital status, education, age at first heroin use, HIV, HCV, whether morphine was tested positive at baseline, methadone dose at treatment admission, employment, and number of days enrolled in the MMT before enrollment in this study. Table 3 lists the WHOQOL-BREF scores at baseline and at 6-month for participants who completed the quality-of-life questionnaire at both times. At baseline, the highest mean score was in the physical domain (58.53; SD = 15.51) and the lowest mean score was in the psychological domain (49.89; SD = 16.64). Likewise, at 6 months, the highest mean score was in the physical domain (60.13; SD = 14.68) and the lowest was in the psychological domain (53.19; SD = 17.15).
To assess changes in quality of life, the scores at baseline were subtracted from the scores at 6 months. Results from repeated measures analyses of variance of baseline and 6-month follow-up showed that age, education, gender, age at first heroin use, methadone dose and days in MMT before study were not significantly associated with changes of quality of life. Table 3 shows that the greatest mean gain at 6-month follow-up was in the psychological domain (3.3) and the least in the social domain (1.06). Significant improvements were found in the psychological domain, F(1, 284) = 3.66, p < .01, and the environmental domain, F(1, 284) = 2.68, p < .01. When the gained quality of life scores were divided by the total MMT cost (approximately 1179.7 US dollars) that a patient had to pay in the year of 2009 (see Table 1 ), the results indicated that at 6 months the cost was lowest for improvement in the psychological domain ($178.70/per quality-of-life (QoL) unit).
Results from repeated measures analyses of variance of baseline, 6-month and 12-month follow-ups also showed Table 2 Comparison of study participants who retained in MMT and those who dropped out of MMT at 6-month follow-up
Retained in MMT at 6-month follow-up (n = 285) Dropped out of MMT at 6-month follow-up (n = 314) that age, education, gender, age at first heroin use, methadone dose and days in MMT before study were also not significantly associated with changes of quality of life. Table 3 presents the changes in quality of life and the cost in dollars of each point increase in the QoL mean scores between baseline, 6 months, and 12 months. For patients who completed the questionnaire at all three times (n = 155), the greatest mean increases in QoL scores were in the psychological domain: baseline to 6 months (2.84) and baseline to 12 months (3.95). In the social domain, the corresponding mean increases were 1.27 from baseline to 6 months and 3.02 from baseline to 12-months. The lowest increase (1.58) was in the physical domain from baseline to 12 months. Table 4 also shows statistically significant improvements from baseline to 6 months in the psychological domain, F(1, 154) = 2.35, p < .01, and in the environmental domain, F(1, 154) = 2.00, p < .01. From baseline to 12 months, there were significant improvements in the psychological domain, F(1, 154) = 3.05, p < .01,and in the social domain, F(1, 154) = 1.95, p < .01).
The gains in quality of life and cost per QoL point gained are also presented in Table 4 . The results show that participants had to pay an average of $746.60, $298.70, $390.60, and $526.70 per year in order to gain one QoL point in their physical, psychological, social, and physical domain scores, respectively; note that the least costly was the psychological domain and the most costly was the physical domain.
Discussion and conclusions
This study examined long-term self-reported improvement in the quality of life of heroin patients in a MMT in Taiwan. Employing a longitudinal design, we found that the MMT improved patients' quality of life in psychological, social relations, and environmental but not physical domain, as recorded at 6 and 12 months. Specifically, patients who stayed in the program for 6 months (n = 285) showed statistically significant improvement in their quality of life in the psychological and environmental domains. Similar positive effects were found in patients who stayed in the program for 12 months (n = 155), indicating that these patients showed significant improvement in their psychological health and social relationships.
Overall, our results show that the efficacy of MMT may exist in improving long-term quality of life varied in magnitude and as a function of length of time in the program. Compared with previous studies [21, 28] , our results show that the gains in mean quality-of-life scores were relatively small at both 6 and 12months. The differences between our study and others in terms of MMT efficacy may be attributed to methadone dose and different sample selection criteria. First, in our study, the average methadone dose was below 40mg/day which is much lower than the recommended dose of at least 59mg/day in previous studies [13] . Second, our sample of patients consisted of drug users who at baseline had already been participating in their MMT, whereas in the other studies the baseline assessment was the patients' first exposure to MMT. De Maeyer et al. [24] noted that the heroin-dependent persons they studied often found themselves in a crisis situation at the start of treatment and entered treatment in very poor condition, resulting in very poor quality of life at admission. Because it is likely that the marginal effects of MMT on patients' quality of life decrease the longer they participate in an MMT, it would not be surprising if patients who had never been involved in an MMT program before respond better to MMT than those who had experienced it before. Therefore, the beneficial effects of MMT on quality of life in studies such as those of Xiao [18] , Baharom, et al. [28] , Maremmani et al. [21] , Padaiga et al. [22] , Ponizovsky and Grinshpoon [23] , and Wang et al. [29] are likely to have covered the time period from patient's first admission to follow-up treatment. However, findings on the persistence of MMT effects on quality of life have been mixed. Some studies found that patients in treatment for 6 months or longer had a better quality of life than at admission [21] [22] [23] , whereas Wang et al. [29] and Xiao [18] found that beneficial effects were observed only during the first to third month of treatment. Our results may imply that MMTs improve patients' quality of life, but the long-term effects might not be as significant as the short-term effects identified by other studies. In our study, the most significant progress on quality of life was in the mental health area, with an increase of 3.3 in mean scores after 6 months of treatment and 2.84 after 12, in accord with previous studies [28, 30] . For instance, Ha [30] found that MMT had a positive impact on the quality of life of drug users in Vietnam after 6 months of treatment; the mean was highest for psychological health (13.28) and lowest for social relationships (3.94). Baharom et al. [28] found Malaysian patients' quality of life increased significantly in all four domains, with the mean score increases ranging from 7.32 in social relationships to 15.54 in psychological health following 6 months of therapy.
By comparing the beneficial effects of MMT 6 months and 12months after baseline measures, we found that the improvement in social relationships was significant only at 12 months. Padaiga et al. [22] found that the average quality of life of 102 Lithuanian opiatedependent individuals significantly improved in all the domains except social relationships after 6 months of MMT. One explanation for the lack of effect for social relationships is that it takes time for heroin users to regain trust from non-drug-using families and relatives. MMT not only helps in alleviating the physical harm associated with heroin addiction, but also improves psychological and environmental domains of their lives, as we found in our study at 6 months. With improvements in psychological and environmental well-being, patients would be more willing and able to re-establish social relationships.
On the other hand, we also found that the physicaldomain scores of patients did not improve significantly from baseline to 6 months or from 6 to 12 months, although the direction was positive. A possible reason for this failure is that MMT may reduce heroin users' cravings for drugs and withdrawal symptoms in as short as one month, causing them to feel improvement in their physical status; however, this sense of improvement diminishes as MMT continues, such that eventually they no longer feel any significant progress physically.
Further, in our study the improvements in quality of life in the four domains were not always significant in the two post-baseline periods. Significant improvement in the environmental domain appeared at 6 but not 12 months, which is better than in mental health, where the scores were nonsignificant for the same groups of patients at both 6 and 12 months. Another possibility is that the effectiveness of MMT in improving heroin users' quality of life may not be as great in Taiwan as has been found in other countries. Future studies should be carried out comparing countries at different time periods to examine the long-term and cross-cultural effects of MMT on heroin users.
In previous studies, perception of suitable costs and satisfaction of MMT are predictors of retention [12, 25] . In other words, monetary costs and perception of improvement in QoL may both be critical factors in determining how long a patient stays in an MMT program. In our study, a patient in Taiwan has to pay $1,179.70 per year to participate in MMT based on regulations of Taiwan Department of Health. This cost from a patient's perspective is surprisingly high, which result in the high cost per QoL increment in four domains.
In addition to the benefits in personal well-being uncovered in our study and others, MMT might also provide additional benefits. First, improvements in the four domains might increase the patient's chances of obtaining or retaining a job. Second, family problems such as domestic violence or child abuse should be less likely to occur following the improvement in the patient's quality of life. Finally, once the patient becomes less drug-dependent, the likelihood of involvement in drug-related crimes should be lower, a benefit to the society as a whole. Given that the direct and indirect economic costs associated with drug abuse are tremendous (more than $193 billion in the U.S. in 2007; see U.S. Department of Justice, 2011), and that MMT has been shown to be effective in reducing patients' drug dependence, it follows that MMT should be considered a viable way to control and prevent the adverse consequences associated with drug abuse. Further, the costs of MMT are small compared with the social costs of criminal activity, loss of productive employment, and subsequent health care utilization on the part of active drug users. To reduce these drug-related economic losses, public policy makers should consider either completely subsidizing MMT or regulating it as a treatment for compulsive drug users.
This study employed a single-group prospective design which has methodological limitations in terms of causal inferences. First, we did not compare heroin users with a control group not in the MMT. The efficacy of MMT observed in this study may need to take threats of internal validity into consideration and, namely, the positive outcomes may be caused by other factors such as maturation, testing, and sample selection bias. Second, participant attrition has been shown to limit the generalizability of a study's findings. Despite the large attrition rate in our study, no significant differences in demographics or clinical characteristics were found between individuals who completed at least 6 months of the study and those who dropped out before that. This outcome suggests that our findings are still valid. Third, the data were gathered through patient self-reports, where social desirability may be an issue. Future study may adopt alternative assessment strategies to maximize the disclosure of sensitive information; for example, ACASI -audio computer-assisted self-interview may be used to collect sensitive information. However, it is becoming increasingly important in the treatment of chronic diseases to use subjective quality of life measures as an outcome index.
Another limitation of our study is that the MMT costs listed in the Table 1 do not include all the direct and indirect costs. Note that this omission does not mean that every heroin user received all the treatments or examinations. In fact, whether such clinical examinations are performed depends on the psychiatrist's professional decision regarding the appropriate methadone dosage. Moreover, we did not calculate opportunity costs such as the productivity loss from participating in an MMT program and the cost of police time spent dealing with crimes. We assumed that taking methadone everyday might have effects on a heroin user's job performance, but the effects turned out to be rather negligible. Also, the costs for the time spent by police dealing with crime were difficult to estimate. Nevertheless, future studies are warranted to calculate the costs that are both directly and indirectly associated with MMT.
The results of the present study have important clinical implications for treating and retaining patients in MMT, particularly with respect to quality of life. Current clinical practice of MMT rarely implements the treatment and assessment of life of quality. Thus, we propose: 1) in addition to reduction in opioid drug use and HIV risk behavior, improvement in long-term quality of life can be of importance as an indicator of treatment outcome measure; 2) to carefully re-evaluate methadone maintenance dose prescribed in Taiwan. Previous study showed that higher methadone dose and longer duration of treatment were associated with better quality of life in MMT patients [29] . Higher methadone dose may reduce the severity of craving and relapse and retain in MMT longer [13] . Our findings showed that the average methadone dose prescribed in this Taiwan sample is lower than the recommended level. The reevaluation and to prescribe appropriate methadone dose in Taiwan may be necessary in order to gain better quality of life for MMT patients; 3) to treat the comorbidity of other psychiatric disorders and infectious diseases, i.e. depression, anxiety disorder, and HIV/HCV is important to improve quality of life. Psychiatric comorbidity was as high as 78% in MMT patients [31] . Quality of life was worse in the patients of heroin dependence comorbidity of other psychiatric disorders [31] and among individuals with HIV [32] ; 4) to establish a comprehensive psycho-social intervention in addition to medication to improve daily social function. Our results indicate the importance of longer duration in MMT with improvement of social relationship for patients. Compared to physiological and psychological well-being, increase in quality of social relations may need more time to show the effect. We suggest that social well-being can be one of the long-term clinical outcome measures.
